Introduction
Cerebral infarction caused by dislodging a microembolus is a major problem during endovascular surgery on supraaortic arteries. Although some studies have demonstrated there is a risk of microembolism during cerebral endovascular surgery 1,2 , other studies have reported good results in endovascular treatments for cerebrovascular lesions 3, 4 .
Therefore, it is possible that most of the microemboli dislodged during endovascular surgery result in only ischemic lesions without apparent neurological signs. Experimental and clinical reports have revealed that diffusionweighted magnetic resonance imaging (DWI) allows sensitive and early detection of cerebral ischemic lesions 5, 6, 7 .
The purpose of this study was to evaluate asymptomatic embolisms during cerebral endovascular surgery for cerebrovascular diseases with DWI.
Summary
The purpose of this study was to evaluate asymptomatic embolisms during cerebral endovascular surgery for cerebrovascular diseases with diffusion-weighted magnetic resonance imaging (DWI) which allowed sensitive and early detection of cerebral ischemic lesions. 71 patients who underwent a total of 74 cerebral endovascular procedures were subjected to DWI screening study. MR imaging was performed on a 1.5T system by using single-shot SE echo-planar imaging (EPI) with b value of 1100 seconds per mm 2 in pre-and post-treatment periods (between day 2 and 5 after procedures).
In 38 (51.3%) of 74 procedures, new high intensity lesions, as recent infarctions related to procedures, were detected on post-procedural DWI. In 18 Of the patients (47.4%), symptomatic infarctions occurred and resulted in TIAs (n = 4), RINDs (n = 8), minor strokes (n = 6) and no major strokes and no death. 20 (52.6%) of the recent infarctions detected by DWI were asymptomatic lesions. Most of the asymptomatic ischemic lesions were likely to be distributed in watershed border areas. On the other hand, symptomatic lesions tended to be distributed in cortical and/or perforator regions and to be multiple. 
Subject and Methods
Seventy-one patients who underwent a total of 74 cerebral endovascular procedures underwent the DWI screening study. Of them, 24 procedures were endosaccular embolization with detachable coils for cerebral aneurysms (IC cavernous portion: 2, IC C3: 10, IC C2/3: 7, BA top: 5), 8 were parent artery occlusion for cerebral aneurysms (IC: 6, PICA: 1, AI: 1), 26 were carotid stenting, 5 were percunateous transluminar angioplasty (PTA) and/or stenting for stenosis of subclavian arteries, 5 were PTA and/or stenting for stenosis of vertebral arteries, 5 were PTA for stenosis of the basilar artery, and one was stenting for carotid stenosis caused by aortitis. Only two of these groups, carotid stenting and parent artery occlusion for cerebral aneurysms, had consecutive cases.
MR imaging was performed on a l.5T system (MAGNETOM Vision, Siemens) by using single-shot SE echo-planar imaging (EPI) with Stejskal-Tanner diffusion-encoding gradient pairs along the through-plane direction with b value of 1100 seconds per mm 2 • Imaging parameters included a TE of 123, a field of view of 23 cm, a matrix of 128 x 200, a section thickness of 4 mm, and an intersection gap of 2 mm. Con-ventional SE imaging was also performed at each examination in T1-and T2-weighted conditions. MR studies were performed in pre-and post-procedural periods. Because some studies have reported that acute ischemic lesions on DWI tended to decrease in intensity from day 6-7 after an ischemic event 6,7 , post-operative DWI studies were done between day 2 and 5 after procedures. A high intensity lesion detected on post-procedural DWI in the ipsilateral hemisphere but not on pre-procedural DWI, was considered to be a procedure-related infarction,
Results
In 38 (51.3%) of 74 procedures, new bright lesions, as recent infarctions related to endovascular procedures, were detected on postprocedural DWI studies. Of them, 18 procedures (47.4%) were symptomatic infarctions and resulted in TIAs (n = 4) , RINDs (n = 8), minor strokes (n = 6) and no major strokes and no death. The morbidity and mortality rate related to procedures was 8.1 % in this study. Twenty (52.6%) of the recent infarctions detected by DWI were asymptomatic lesions. In the present study, the procedure with the highest incidence of procedure-related lesions detected on DWI was parent artery occlusion for cerebral aneurysm (100%, symptomatic: 75% and asyptomatic: 25%) (figure 1). In 15 (57.7%) of 26 carotid stentings, high intensity lesions were detected on post-procedural DWI. The incidence of ischemic lesions in endosaccular embolization for cerebral aneurysms was 45.8%, but there was no significant difference between those of aneurysmal coil embolization with or without neck plasty technique.
Most of the asymptomatic ischemic lesions on DWI were several small ones (~ 5mm) located in subcortical white matter in watershed border areas (figure 2). Post-procedural X-ray CT scan rarely detected such small asymptomatic lesions. On the other hand, symptomatic lesions tended to be distributed in cortical and/or perforator regions and to be mUltiple. In 2 of 6 patients presenting minor strokes, their ischemic lesions were large territorial infarcts in ipsilateral hemispheres ( figure 3) , and the other 4 had multiple cortical and/or white matter infarcts.
Discussion
The most frequent and serious complications of endovascular treatments for cerebrovascular diseases are ischemic lesions caused by thromboembolic events. For safe neurointervention, it is necessary to evaluate their procedure-related embolic complications including not only symptomatic but asymptomatic ones. DWI appears to be the most sensitive modality for detecting early and small ischemic lesions 5,6.7 . In this study, DWI screening demonstrated that half of the ischemic lesions detected by DWI were neurologically silent or asymptomatic embolisms which could not be detected by CT. Recently, Bendszus et A18 have reported that postprocedural DWI after routine diagnostic cerebral angiography and neurointerventions detected asymptomatic ischemic lesions in 25.8%
